Summary. Under strict balance conditions we studied the effect of phenformin in 5 patients with diabetes mellitus. In all cases phenformin lowered the blood glucose values, and all patients showed a reduction of glycosuria. Contrary to other reports body weight increased during phenformin treatment. This was accompanied by positive nitrogen, phosphorus and calcium balances. The weight gain can be explained by the positive caloric balance, mainly caused by the diminished glycosuria. No change in B. M. R. or R. Q. was seen. During phenformin treatment there was a drop in cholesterol and total lipid levels in 4 patients. No conclusions could be drawn about the effect of phenformin on triglycerides, phospholipids and lipoprotein spectra. Phenformin treatment did not affect the disappearance of glucose, nor the insulin levels after intravenous glucose loading. During oral glucose loading phenformin caused a significant fall in blood glucose levels, accompanied by an increased insulin response in one patient. In the other 4 patients phenformin had no effect on either parameter.
Biguanides are used mainly to treat the elderly obese diabetic. According to many investigators biguanides reduce the elevated blood glucose level [7, 8, 11, 13, 17, 21, 37] , body weight [1, 4, 11, 17, 18, 34, 37, 42] and glucose excretion in urine [11] . A concomitant reduction of elevated cholesterol [1] , triglyceride and insulin levels [24, 28, 34] has been reported.
Since reduction of glycosuria without diminishing the diet should cause an increase in the available energy in the body, the weight loss is difficult to understand. By investigating patients under strict balance conditions, we hoped to learn more about the mechanism by which biguanides reduce both the blood sugar level and the body weight.
Materials and Methods
We studied 5 otherwise healthy diabetics from our out-patient department (Table 1) . They were hospitalized in the metabolic ward during the whole study. To exclude gastrointestinal side-effects phenformin capsules (3 • 50 rag) were prescribed before the final selection of the patients, but gastrointestinal disturbances forced us to omit one patient from the study. Two weeks before admission oral hypoglycemic therapy was withdrawn.
The diet was individually adjusted such that the body weight would remain constant during the non-phenformin periods. At identical times 3 isocaloric meals and 3 isocaloric snacks were given. The meals for each balance study were all prepared and divided at one time before the start of the study and kept frozen until consumption. No other food or drinks than those included in the diet were allowed except a measured amount of distilled water. The patients were required to consume all meals corn- pletely. We tried to keep the activities of the patients identical to that at home. After a period of 7 days, in which the patient became accustomed to the diet and slight modifications could be made, the study was carried out according to the A-B-A system. During the A periods (10-15 days) the patients received a placebo capsule 3 times a day and in the B period (15 days), a capsule of 50 mg phenformin 3 times a day. Body weight (at 8.30 a.m.), blood glucose values (at 8 a.m., i p. m., 5 p. m., using the glucose oxidase method [41] and 24 hrs sugar (polarimeter) and creatinine excretion in the urine were determined daily. Faeces were collected over 5-day periods, marked by carmine red. Chromium oxide (Cr203, capsules of 500 mg) was given 3 times a day to quantify the faecal collection [40] . Faeces, urine and three thoroughly mixed daily diets were analyzed chemically andinthebomb calorimeter according to Miller and Payne [33] . Calcium was estimated by complexon III (NazEDTA) titration, using murexide as an indicator, phosphorus according to a modification of Fiske and Subbarow [20] , and nitrogen according .to Kjehldahl [23] .
At the end of every period the cortisol levels during that day were determined (8 a.m., 5 p.m., 12 p.m.) [31] , as well as total lipid, cholesterol and triglyceride levels and lipoprotein spectra in fasting blood samples [38] . At the start and the end of each period serum osmolarity, urea, total protein, hemoglobin and hematocrit were determined as a measure of the hydration of the patient.
An oral and an intravenous glucose tolerance test on subsequent days were performed at the end of each period, and blood sugar (Nelson-Somogyi [35] ) and plasma insulin levels (Yalow and Berson [44] ) were determined. All blood samples were collected in heparin via an indwelling needle. An hour before testing, one placebo or phenformin capsule (50 mg) was given. On these days the entire daily diet was consumed but the times of consumption were changed. For the intravenous glucose tolerance test 25 grams of glucose were injected in 4 min. Samples were drawn at zero (in the middle of the injection), 2, 4, 6, 9, 12, 20, 30, 45 and 60 rain. The rate constant for the fractional disappearance of the injected glucose (K-value) was calculated from the least square regression line. For the oral glucose tolerance test 50 grams of glucose were given. Bloodwassampledinthe fasting state and 30, 60, 90, 120 and 150 min after glucose administration. . 1 shows the effect of phenformin (B period) on body weight, blood glucose and glycosuria in patients 1-5. During the phenformin period a decrease and stabilization in blood glucose levels, with an accompanying reduction in glycosuria, occured in all patients within a few days. When phenformin was withheld, the return to pre-phenformin levels also took several days. In Fig. 2 and Table 2 we see that during phenformin therapy there is an absolute or relative (patient 2) increase in body weight accompanied by an absolute or relative (patient 2) positive N, Ca and P balance.
Results

Fig
The calculated caloric balance (Table 3) shows that phenformin induces a positive balance. This is most marked in the patients with a substantial decrease in glycosuria. The caloric value of the faeces is practically unchanged during phenformin therapy, indicating the absence of malabsorption. Table 4 indicates that it is not likely that metabolites of high caloric value are excreted during phenformin substitution.
In 4 patients (1, 3, 4 and 5) no effect of phenformin on blood sugar or insulin levels after oral glucose loading is seen (Fig. 3) . The insulin levels in these patients were already low before phenformin treatment. The only patient (2) with an increased insulin response during phenformin and a concomitant reduction of the blood sugar levels showed higher insulin levels before phenformin than the other patients.
The intravenous glucose loading tests revealed that none of the patients showed a significant change in K values during phenformin treatment (Table 5) .
In patients 1, 2, 3 and 4, but not patient 5, there was a decrease in cholesterol and total lipid levels during phenformin treatment (Table 6 ). The phospholipids, triglycerides and free fatty acids exhibited variable changes during phenformin therapy. The only change seen in the lipoprotein spectra is a decrease in the fi-lipoproteins during phenformin treatment. 
Discussion
In contrast to other published data, all 5 of our patients gained weight during phenformin treatment with respect to the control periods. Many investigators report that biguanides induce a weight loss in obese patients with diabetes mellitus [1, 4, 11, 17, 18, 34, 37, 42] . This is attributed to anorexia [37] , intestinal malabsorption [42, 43] , suppression of high insulin levels resulting in a reduction of lipogenesis [18, 34] or stimulation of thermogenesis [26, 27] . In none of these studies were the patients observed under strict balance conditions 9 Thus the loss of weight might be the result of a reduced caloric intake due to the anorexic effect of the biguanides or a closer adherence to the prescribed diet because of the more elaborate control. Apart from the direct interactions of energy uptake and release, weight reduction may also be caused by a shift in body composition from protein to fat. Protein calories are approximately 10 times heavier than fat calories, due to the adhering water mantle and the lower energetic value of protein 9 We thought it necessary therefore to observe our patients under strict balance conditions to exclude the effect of changes in food intake.
In 4 patients (1, 3, 4 and probably 2) there was a positive caloric balance in the phenformin period. The caloric gain can be explained by the reduced glycosuria. The increased retention of N, Ca and P during the phenformin period, compared to the control periods, also indicates that there is an increase in body tissue. For patient 5, the lack of glycosuria and the approximate equilibrium of the caloric balance under phenformin (+ 40 kcal./24 hrs) makeit more difficult to explain the weight changes. Decreased physical activity during phenformin treatment can be excluded in this patient. An increase in body tissue is not likely, as there was almost no caloric gain. The nitrogen balance does not support an important shift of fat to protein. The weight gain might be explained by fluid retention. However we could not estimate the fluid balance with sufficient accuracy, since we had no facilities to measure total body water. Attempts to calculate fluid balances from the total intake and the urinary excretion of water gave too variable results to be of any use.
Direct determinations of the caloric content of feces and urine are not reported in the literature, except by Stowers [43] , who found during clinical observation of one overweight patient with diabetes mellitus treated with 225 mg phenformin per day, that the caloric value of the feces increased by 28%. We found that such high doses of phenformin can induce gastro intestinal disturbances, e.g. diarrhea. The results of the bomb calorimetric estimations indicate that in our patients there is probably no loss of substrates with a high caloric value in faeces or urine 9
The theory that the weight loss during phenformin therapy is due to an increased metabolic rate is not supported by the findings of Stowers et al. [42] since neither B. M. R. nor R. Q. changed significantly from the values measured during the control periods. We also found no changes in B. M. R. or R. Q. (not shown here). Moreover the positive nitrogen balance during phenformin excludes increased catabolism.
To eliminate anorexia as a possible cause of weight loss during phenformin treatment, food intake during our study was constant. Nevertheless most patients felt more discomfort during the phenformin period as a result of the consumption of their entire diet. In one patient (not included in this report) anorexia was so strong that vomiting developed and we had to discontinue the study. We feel that if our patients had not been required to consume their whole diet, they would definitely have reduced their food intake.
Theoretically phenformin may lower the blood glucose level by reducing intestinal resorption [9, 10, 13, 14, 25] , enhancing peripheral glucose utilization [7, 8, 19, 22] or reducing endogenous glucoseproduction [2, 5, 32] . A reduced intestinal glucose resorption is not supported by the bomb calorimetric data which show no increase in the caloric content of faeces and urine during phenformin treatment. This is in agreement with Olsen [36] , who could not demonstrate carbohydrate malabsorption during phenformin treatment. Also the blood glucose values after oral glucose loading during phenformin administration are virtually unchanged in 4 out of 5 patients in comparison with the control periods. In the only patient who showed a significant decrease in glucose levels during phenformin treatment, the insulin values were also significantly higher. This does not support the malabsorption theory.
Another often stated assumption is that biguanides stimulate peripheral glucose utilization [7, 8, 19, 21, 22] . The mechanisms which might be involved are not clear. Biguanides uncouple the oxidative phosphorylation in mitochondria [15] . A stimulating effect of biguanides on glucose transport has never been demonstrated. Phenformin does not stimulate the transport of glucose in isolated fat cells and it inhibits the stimulation of glucose uptake induced by insulin in such cells [29] .
A more reasonable explanation, which is also supported by experiments in animals [2, 12] , might be a decrease in internal glucose production, although we could not prove this from our data.
After an oral glucose load phenformin is said to reduce the rise in blood glucose and insulin levels [3, 6, 14, 24] . Only patient 2 showed a drop in blood glucose concentration, but with a concomitant rise in insulin levels. In the remaining 4 patients (1, 3, 4 and 5) phenformin did not have any effect (Fig. 3) . This may be due to the fact that these patients were no longer able to secrete much insulin. Moreover, our patients received their regular dose of one capsule of phenformin (50 mg) one hour before the test, in contrast to the total daily dose of 100-150 mg administered by other investigators. The lack of effect may also be explained by the fact that in our study the patients had received phenformin for only ten days prior to the glucose tolerance tests. Boshell [6] observed no reduction of insulin levels in 4 patients ("hypersecretors") after oral glucose loading when they had taken phenformin for only one week (100 rag/day), but there was a significant decrease after 3 weeks of treatment. However in our patients the hypoglycemic effect of phenformin was already fully established after a few days. Since no effect of phenformin could be seen on the intravenous glucose tolerance test, this might indicate an action of phenformin in the gut (mucosa), possibly by stimulation of a hormonal factor(s) which enhances insulin secretion. In this connection it is interesting to note Loubati~re's [30] report that phenformin stimulated insulin secretion in the dog (in vivo) and in the perfused rat pancreas.
There are many reports of a phenformin-induced drop in cholesterol and triglyceride levels in diabetic patients [1, 16, 28, 34, 39] . In 4 patients we found a decrease in both cholesterol and total lipid levels during phenformintreatment. No effect onphospholipids and triglycerides was seen. With regard to the lipoprotein spectra the only reproducible effect we observed was a reduction of the/3-1ipoprotein fraction, probably related to the decrease in cholesterol levels. Since most of our patients showed almost no insulin response to glucose loading, it does not seem likely that a decrease in insulin levels induces the reduction in cholesterol and total lipid levels. The caloric gain observed in our patients during phenformin treatment does not support the theory that a diminished supply of substrate for lipogenesis can explain the phenformin effect.
Conclusion
In patients with diabetes mellitus, observed under strict metabolic balance conditions, phenformin caused a decrease in blood glucose levels but no reduction of body weight. It also reduced the cholesterol and the total lipid content in the serum. The slight gain in weight during phenformin treatment can be explained by the diminished glycosuria in this period.
